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NUMERICAL ANALYSIS 
Final Report to Office of Naval Research 
John R .  Rice 
CSD TR 49 
1 .  INTRODUCTION .  This report summarizes the activi t ies supported in full 
or part under contract N00014-67-A-0226-0011 ,  Project NR 044-382 wi th 
the Office of Naval Research .  The activities are broken into three 
major areas: The Special Year in Numerical Analysis ,  The Mathematical 
Software Symposium and Research .  
2 .  SPECIAL YEAR IN NUMERICAL ANALYSIS .  There were a number of activities 
associated wi th this special year.  One of these,  the Mathematical 
Software Symposium ,  is discussed in the next sect ion .  
The Sets of Special Lectures.  There were three sets of special 
lectures in numerical analysis.  The idea was to invi te several (four) 
leading experts in a special area to visi t Purdue simul taneously and 
lecture on their current interests.  The visits were for a 2-day period 
and allowed for close contact among the visi tors as well as between the 
faculty at Purdue and the visi tors.  The lectures were publ icized out-
side Purdue and a number of people from neighboring institutions at tended .  
The lecturers and their topics are shown on the next page .  
Special sets of lectures in numerical analysis given last year 
as part of Purdue University ' s Special Year in Numerical Analysis.  
J.M .  Ortega 
NONLINEAR EQUATIONS NOVEMBER 10-11 ,  1969 
A survey of convergence theorems for i terative 
methods for nonl inear systems 
A .S .  Householder 
IV.C.  Rheinboldt 
J .F .  Traub 
Variat ions on a theme by Sebastiao e Si lva 
On M-functions and their appl ication to nonl inear 
Gauss-Seidel iterations and to network flows 
Globally convergent polynomial iteration with a 
posteori error bounds 
A .H .  Stroud 
P .J.  Davis 
J .N .  Lyness 
R .E .  Bamh i l l 
QUADRATURE DECEMBER 4-5 ,  1969 
Integration formulas and orthogonal polynomials 
of two variables 
Double integrals,  Schwarz functions and Hilbert 
spaces 
Careful calculation of Fourier coefficients 
Blending function cubatures 
SPLINES AND PROJECTION METHODS FOR OPERATOR EQUATIONS MAY 18-19 ,  1970 
R .S .  Varga Improved error bounds for interpolatory spl ine 
functions 
G .  Birkhoff 
M .H .  Schultz 
Practical generalizations for splines 
The computational complexi ty of the Rayleigh-Ritz-
Galerkin method 
G .  Strang The finite element method and approximation theory 
Other Activities.  In addition to these short term visitors,  there were 
two longer term visitors.  Miss Lois Mansfield spent the entire year at 
Purdue as a postdoctoral fellow.  Her interests are in the area of spline 
functions and the estimation of linear functionals.  She continued the 
research started in her thesis and interacted considerably with Professor 
Carl de Boor in this area.  The second and third sets of lectures were 
also especially relevant to her work.  Mr.  Sten Henriksson spent the 
second semester at Purdue as a predoctoral instructor.  His thesis 
investigations (at Lund,  Sweden) are extensions of some work of Professor 
John Rice and they discussed these,  and other,  areas in some detail .  
A number of advanced graduate students were involved in the activities 
either as research assistants,  participants in the numerical analysis 
seminar or as attendees to the special lectures and the symposium.  They 
had an unusual opportunity to meet and hear a large number of the leading 
workers in numerical analysis and related areas.  The numerical analysis 
seminar covered topics somewhat in conjunction with the visiting lecturers.  
The topics and speakers axe listed below.  
A method of Powell ' s for nonlinear equations - T .  Aird (2 lectures) 
An adaptive Romberg quadrature method - C .  de Boor 
Constructive theory of Gaussian quadrature rules - W .  Gautschi (2 lectures) 
Optimal approximation and error bounds - L .  Mansfield 
Minimization techniques and nonlinear approximation - J .  Rice (2 lectures) 
Parallel processor methods for nonlinear equations - J .  Rice 
Optimization of non-convex problems - A .  Winston 
.  THE MATHEMATICAL SOFTWARE SYMPOSIUM 
Organizat ion .  An organizing commi t tee was formed in the summer of 1969 
by Professor John Rice .  The other members were 
R .L .  Ashenhurst University of Chicago 
This commi t tee obtained sponsorship for the symposium from the Associat ion 
for Comput ing Machinery and from the Special Interest Group in Numerical 
Mathemat ics.  Ten leaders in the field were invi ted to speak at the 
symposium and they all accepted .  They are indicated by an asterisk in the 
program given below .  A call for papers was issued via journals and 
direct mailings and an addi t ional 11 contributed papers were accepted for 
presentat ion .  Publ ication of the proceedings were arranged wi th Academic 
Press in the ACM monographs series wi th Professor John Rice as edi tor.  
He accepted the responsibi l i ty of preparing or obtaining several chapters 
of material in addi t ion to the papers presented at the symposium .  
The Symposium .  The Mathemat ical Software symposium was held at Purdue 
Universi ty on April 1-3 ,  1970.  The program of speakers is listed below .  
R .L .  Ashenhurst ,  Universi ty of Chicago ,  Numeric 
Representation and Error Indications 
M .  Goldstein and S .  Hoffberg ,  New York Universi ty ,  
The Estimation of Significance 
C .B .  Dunham and H .C .  Thacker,  Universi ty of Western 
Ontario and Notre Dame Universi ty ,  Making Non-
standard Arithmetics Avai lable 
J .F .  Traub ,  Bell Telephone Laboratories,  Status of 
the Bell Laboratories Numerical Mathematical Pro-
gram Library Project 
M .S .  Lynn 
J .F .  Traub 
C .L .  Lawson Jet Propulsion Laboratory 
IBM - Houston Scient ific Center 
Bell Telephone Laboratories 
MATHEMATICAL SOFTWARE 
Program Schedule 
Wednesday ,  April 1 
Wednesday ,  April 1 con ' t .  
A .W .  Dickinson ,  V .P .  Herbert ,  A .C .  Pauls and E .M .  
Rosen ,  Monsanto Company ,  The Development and 
Maintenance of a Technical Subprogram Library 
A .C .R .  Newbery ,  Universi ty of Kentucky ,  The Boe-
ing Library and Handbook of Mathemat ical Rou-
tines 
E .L .  Bat t iste,  IBM-Houston,  Development of Mathe-
mat ical Software for a Mass Audience - Problems 
and At t i tudes 
W .H .  Payne,  Washington State Universi ty ,  Cont inuous 
Distribut ion Sampl ing - Accuracy and Speed 
Thursday ,  Apri l 2 
C .W .  de Boor,  Purdue Universi ty ,  On Writing an 
Automat ic Integration Algori thm 
C .W .  Gear ,  Universi ty of Il l inois,  Experience and 
Problems wi th Software for the Automat ic Solu-
t ion of Ordinary Different ial Equations 
D ,  Barton ,  I .M .  Wi l lers and R .  Zahar,  Cambridge 
Universi ty ,  Taylor Series Methods for Ordinary 
Different ial Equations - An Evaluation 
P .  Mul ler,  Jet Propulsion Laboratory ,  A User ' s Ex-
perience wi th Sophisticated Least Squares Soft 
ware in the Discovery of the Lunar Mascons 
D .K .  Kahaner,  Los Alamos Scient ific Laboratory ,  
Comparison of Numerical Quadrature Formulas 
O .G .  Johnson and B.N.  Parlet t ,  IBM-Houston and 
University of Cal ifornia,  Berkeley ,  Numerical Im 
plementat ion of Variat ional Methods for Eigen-
value Problems 
R .C .  Bushnel l ,  Ohio State Universi ty ,  User Modifiabl 
Software 
Friday ,  Apri l 3 
H .  Kuki ,  Universi ty of Chicago ,  Mathemat ical Func-
tion Subprograms for Basic System Libraries -
Object ives,  Constraints and Trade-Off 
L .R .  Symes,  Purdue Universi ty ,  Evaluation of NAPSS 
Expressions involving Polyalgori thms,  Functions 
Recursion and Untyped Variables 
Friday ,  April 3 con ' t .  
J .E .  Sammet ,  IBM Boston ,  Software for Non-Numerical 
Mathemat ics 
W .J .  Cody ,  Argonne Nat ional Laboratories,  Software 
for the Elementary Functions 
R .  Bayer,  Boeing Scient ific Research Laboratories,  
Toward Computer Aided Production of Software 
for Mathematical Programming 
C .L .  Lawson ,  Jet Propulsion Laboratory ,  Applica-
tions of Singular Value Analysis 
K.M.  Brown and J .B .  Dennis,  Cornell Universi ty ,  A 
New Algori thm for Nonl inear Least Squares 
Curve Fitting 
There was a banquet and recept ion for all the attendees on April 2 .  
Several smal ler,  informal meet ings were held by groups of those 
at tending .  
There were 155 registered at tendees.  The number was reduced 
sl ight ly as some people (including the banquet speaker) were unable 
to reach Lafayette because of the air traffic controller ' s strike.  
Those registered came primari ly from industry and universi t ies (in 
about equal numbers) wi th a smaller number from government laboratories.  
The Proceedings.  Academic Press has the manuscript in product ion 
and publ icat ion is expected sometime in early Spring of 1971 .  The 
current estimates of the length and costs are 501 pages and $20 .00 ,  
respect ively .  The table of contents is given (with the listing of the 
individual papers omi t ted),  The chapters in the third part are papers 
(in the ordinary sense of the word) about specific mathematical soft-
ware.  They were not presented at the symposium .  
MATHEMATICAL SOFTWARE 
J .R .  Rice ,  Edi tor 
Contents 
Part 1 - Prologue 
Chapter one: HISTORICAL BACKGROUND - J .  R .  Rice 
I.  Introduction 
II.  Chronological Record 
Chapter two: THE DISTRIBUTION AND SOURCES OF MATHEMATICAL 
SOFTWARE - J .  R .  Rice 
I.  Introduction 
II.  Local Distribut ion Methods 
III.  Assessment of General Sources 
IV .  Summary 
Chapter three: THE CHALLENGE FOR MATHEMATICAL SOFTWARE -
J .  R .  Rice 
I.  Introduction 
II.  Algori thm Construction 
III.  Evaluat ion - Charting the Unknown 
IV .  Dissemination - Some Al ternatives 
V .  Two Recommendations 
Part 2 - Proceedings of the Symposium 
Chapter four: DISCUSSION OF THE PAPERS - J .  R .  Rice 
Chapter five: THE PAPERS 
Part 3 - Selected Mathemat ical Software 
Chapter six: SELF-CONTAINED POWER ROUTINES - N .  W .  Clark ,  
W .  J .  Cody and H .  Kuki 
I.  Introduction 
II.  A Fortran Program 
III.  An Assembler Language Program 
Chapter seven: CADRE - AN ALGORITHM FOR NUMERICAL QUADRATURE 
Carl de Boor 
I.  Introduction 
II.  Mathemat ical Analysis 
III.  Numerical Procedures 
IV.  Fortran Listing of CADRE 
V .  Testing and Examples 
Chapter eight : SQUARS - AN ALGORITHM FOR LEAST SQUARES 
APPROXIMATION - J .  R .  Rice 
I.  Introduction 
II.  Mathemat ical Analysis 
III.  Numerical Procedures 
IV .  The Algori thm SQUARS 
V .  Example Program ,  Test ing and Evaluation 
Chapter nine: DESUB - INTEGRATION OF A FIRST ORDER SYSTEM 
OF ORDINARY DIFFERENTIAL EQUATIONS - P .  Fox 
I .  Program Purpose and Use 
II.  Method 
III.  History 
IV .  Adaptation of the Program 
V .  Test ing and Results 
VI .  Organizat ion of the Program 
VII .  DESUB 
RESEARCH .  The research of two people were direct ly supported by this 
contract: Professor W .  Gautschi (summer 1969) and Professor R .  E .  
Lynch (summer,  1970).  Professor Gautschi wrote the paper "On the 
construction of Gaussian quadrature rules from modified moments" which 
is now in the process of publ icat ion in Mathemat ics of Computat ion .  
The manuscript was distributed to ONR in October,  1969 .  
Professor R .  E .  Lynch is studying the estimation of solutions of 
different ial equations wi th singular coefficients.  Examples include 
Bessel ' s equation and the Poisson equation in cyl indrical coordinates.  
The low order derivatives of solut ions of such equations have singu-
lari t ies.  He is investigating both the use of special fini te difference 
schemes and of project ion methods involving appropriately chosen basis 
funct ions.  Specific applications to the Stephen problem is planned .  
Its solution is a mathemat ical model of the temperature field in a two-
phase medium which is undergoing phase change at the interface.  This 
occurs,  for instance,  in the mel t ing of a sol id .  A manuscript has not 
been prepared yet ,  but a student ,  E .  Pekarek ,  has completed a thesis 
under Professor Lynch ' s direction in this area.  
Professor R .  E .  Lynch and John Rice have been col laborating on 
the development of an efficient ,  rel iable algorithm for the numerical 
evaluations of the derivative of an arbi trary funct ion .  Such an algorithm 
wi l l be a fundamental component of any automatic numerical analysis 
or mathemat ical software system .  The work is an extension of previous 
work by Mr .  J .  J ,  Casalet to and Professor John Rice.  
DISTRIBUTION-
ADDRESS 
Defense Documentat ion Center 
Cameron Station 
Alexandria,  Virginia 22314 
Director 
Naval Research Laboratory 
Department of the Navy 
Washington ,  D .  C .  20390 
At tn: Tech .  Information Officer 
Office of Naval Research 
Department of the Navy (Code 432) 
Arl ington ,  Virginia 22217 
Director 
ONR Branch Office/Boston 
495 Summer Street 
Boston ,  Massachusetts 02210 
Office of Naval Research 
New York Area Office 
207 West 24th Street 
New York ,  New York 10011 
Director 
ONR Branch Office/Chicago 
219 South Dearborn Street 
Chicago ,  Illinois 60604 
Director 
ONR Branch Office/Pasadena 
1030 East Green Street 
Pasadena,  Cal ifornia 91101 
RECIPIENT IDENTIFICATION NO .  
20 copies 146 







Office of Naval Research 455 
San Francisco Area 
50 Fell Street 
San Francisco ,  Cal ifornia 94102 
Stanford Universi ty 575 
Department of Mathemat ics 
Stanford ,  Cal ifornia 94305 
Courant Institute of Mathemat ical Sciences 707 
New York Universi ty 
New York ,  New York 10012 
Massachuset ts Institute of Technology 709 
Department of Mathematics 
Room 2-247 
Cambridge,  Massachuset ts 02139 
Commander 
Naval Electronics Laboratory Center - Library 
San Diego ,  Cal ifornia 92152 
Mr .  E .  F .  Schneider 
OMR Resident Representat ive 
Graduate House,  Room 85 
Purdue Universi ty 
Computer Science Department 
Purdue Universi ty 
{Security classification of title, body ot mbstiuct *tnd ind&xintf annotation nuint be untcrccJ -/ton Uto uvcroU report is eJnssr/ivtO 
-
 (Corporate author) 
Purdue University 
Unclassified 
26. G R O U P 
3.
Numerical Analysis 
4 , D E S C R I P T I V E N O T E S (Type ol rcpo rl and, inclusive dales) 
Final Report to Office of Naval Research (7/1/79 to 9/30/69) 
 (Fltst name, middle initial, la at name) 
John R .  Rice 
e . R E P O R T D A T E 
September 1 ,  1970 10 
76. NO. OF REFS 
None 
N00014-67-A-0226-0011 
b . P R O J E C T N O . 
NR 044-382 
SB.
CSD TR #49 
c . 
d. 
0 6 . O T H E R R E P O R T N O f s l (Any other n u m h o r a tltm moy 6 c lisslfirK'V '-I this report) 
1 0 . D I S T R I B U T I O N S T A T E M E N T 
Releasable without limitations on dissemination 5 
I I . S U P P L E M E N T A R Y N O T E S 1 2 . S P O N S O R I N G M I L I  A R Y A C T I V I T Y 
Mathematics Branch 
Office of Naval Research ? 
Arlington ,  VA .  22217 \ 
13. ABSTRACT 
This report summarizes the activities supported in full 
or part under contract N00014-67-A-0226-001,  Project NR 044-382 with 
the Office of Naval Research.  The activities are broken into three 
major areas: The Special Year in Numerical Analysis ,  The Mathematical 
Software Symposium and Research .  
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